This case-control study was carried out on 71 Jordanian individuals: 38 patients with late-onset AD )age ≥65 years( and 33 age-matched healthy controls. All participants were recruited from senior homes and Jordan University Hospital, Amman, Jordan between January 2010 and December 2013. Each sample was examined for APOE's 3 major isoforms )ε2, ε3, ε4( using the polymerase chain reaction technique )PCR( followed by the sequencing technique. In addition, samples were screened for lipid profiles )total cholesterol )TC(, highdensity lipoprotein )HDL(, lower-density lipoprotein )LDL(, and triglyceride )TG( levels.
A lzheimer's disease )AD( is a complex neurodegenerative disorder that is progressive in nature and has poor prognosis. Diagnosis of AD is made with certainty only by brain biopsy or autopsy. Today, the diagnosis of AD is possible by conducting a thorough medical history, mental status testing, and physical and neurological exams and tests )such as blood tests and brain imaging( to rule out other causes of dementia-like symptoms. 1 The incidence of AD in Jordan has not been reported yet. It has been estimated that 0.2-0.3% of Jordanians could be clinically classified as having AD. 2 Although the etiology of AD has yet to be elucidated, it is known to be a multifactorial disorder. Most likely, the development of the disease is a result of the interaction of several susceptible genes and environmental risk factors. Therefore, it is difficult to pinpoint a single gene polymorphism in the pathogenesis of AD. However, apolipoprotein E )APOE( gene polymorphism is the most studied gene in AD. This gene has three alleles: ε2, ε3, and ε4. These 3 single nucleotide polymorphisms )SNPs( differ from one another by the presence of either a C or a T nucleotide at codons 112 and 158. 3 These 3 alleles produce 6 different genotypes. Three of the genotypes are homozygous )ε2/ε2, ε3/ε3, and ε4/ε4(, and the other 3 are heterozygous )ε2/ε3, ε2/ε4 and ε3/ε4(. The distribution of these alleles varies among different ethnicities. Worldwide, the most common allele in all human groups studied up until now is ε3 78% )8.5-98%( followed by ε4 14.5% )0-49%( and ε2 being the least common 6.4% )0-37.5%(. 4 The occurrence of APOE-ε4 is strongly linked with late-onset Alzheimer's disease and may be involved in its pathogenesis. For instance, it has been reported that the mean age of the onset of AD was 68 years in patients with 2 ε4 alleles, 76 years with one ε4 allele, and 84 years in individuals with no ε4 alleles. In contrast, APOE-ε2 appears to protect individuals from AD. 5 Although the presence of APOE-ε4 increases the probability of the development of AD, it has been shown that the link between ε4 and AD is not necessarily one of cause and effect. In reality, the presence of ε4 is neither sufficient nor essential for the development of AD. 6 This fact emphasizes the importance of geneenvironment interaction in the pathogenesis of AD.
In this regard, dyslipidemia is believed to play a role in AD pathogenesis. Actually, APOE alleles have been shown to influence lipid levels. Carriers of ε4 showed higher plasma total and low density lipoprotein )LDL( cholesterol and lower high-density lipoprotein )HDL(. 7 Hence, dyslipidemia and genetic susceptibility are among the different potential factors in the etiology of AD.
Therefore, this study aimed to elucidate the frequencies of the APOE alleles and genotypes in AD patients in the Jordanian population. The second aim was to examine the possible relationship between APOE gene polymorphism, lipid profiles, and the risk of developing AD.
Methods. Ethics statement. Informed consent was obtained from all participants or legal guardians in accordance with the Institutional Review Board for human study at the University of Jordan, Amman, Jordan.
Study population samples. This case-control study included 71 unrelated Jordanian participants: 38 patients with late-onset AD )age ≥65 years( and 33 age-matched healthy controls. All participants were recruited from senior homes and Jordan University Hospital, Amman, Jordan. All blood samples were collected between January 2010 and December 2013. Initially, all participants were screened with the Mini-Mental State Examination )MMSE( and the Clock Drawing Test )CDT(. The screening methods were used exactly as they were in a previous study. 8 The AD patients included in this study were diagnosed as having probable or possible AD according to the criteria of the National Institute of Neurological and Communicative Disorders and the StrokeAlzheimer's Disease and Related Disorders Association )NINCDS-ADRDA(. 9 Familial AD patients were excluded from the study using patients' history.
Individuals in both the AD and control groups had no history of any relevant psychiatric disease or substance abuse and no systemic use of statins, other lipid-lowering agents, and psychotropic drugs.
All control participants failed to meet the diagnostic criteria for AD or dementia but fulfilled the rest of the inclusion criteria. They were screened using 2 scales, the MMSE and the CDT, and scored normally on both rating scales, were functionally independent, and were cognitively healthy Clinical dementia rating=0. The lipid profile measurements included serum total cholesterol )TC(, triglycerides )TG(, LDL, and highdensity lipoprotein )HDL(. All samples were measured in the National Center of Diabetes, Endocrinology and Genetics )NCDEG-Jordan( using the Roche Diagnostics COBAS INTEGRA 800 Biochemistry analyzer )USA(, which employs an enzymatic colorimetric method.
DNA extraction. Venous blood samples )5 ml( were collected in tubes filled with ethylene diamine tetraacetic acid. Genomic DNA was extracted using Puregene Blood Core Kit A )Qiagen, Germany(. Isolated DNA was stored at −20°C until use.
APOE genotyping. A polymerase chain reaction technique )PCR( was used to amplify APOE gene-exon 4. DNA was amplified using 2 PCR reactions in which 2 primer sets )Integrated DNA Technologies, USA( were used: 1. Tables  1 and 2 . The most common genotype in AD patients was the ε3/ε3 homozygote, followed by the ε3/ε4 heterozygote. The ε3/ε3 genotype was higher in control subjects when compared to AD patients )87.9% vs. 60.5%, p=0.02(. The ε3/ε4 genotypes were higher in AD patients compared to control subjects )ε3/ε4: 26.3% vs. 3.0%, p=0.03(. Similarly, the ε4 allele showed a higher incidence in the AD group compared to the control group )15.8% vs. 4.5% respectively; p=0.03(. Lipid profile measurement. The mean lipid profile tests, including TC, TG, LDL, and HDL, of AD patients showed no significant difference compared to controls (Table 3) .
The relationship between APOE alleles and serum lipid concentrations in AD patients is shown in Table 4 . The ε2 allele carriers )ε2+( showed lower total and LDLcholesterol levels compared to the ε2 non-carriers )ε2-(. The opposite effect was noticed with regards to ε4. The total and LDL-cholesterol levels in the ε4 carrier were higher compared to those in ε4 non-carriers. However, none of these differences between the compared groups i.e. ε4 carriers and non-carriers and ε2 carriers and noncarriers were statistically significant )p>0.05(. Discussion. Currently, there are no recognized blood biomarkers that facilitate the diagnosis of AD. Therefore, research interest has focused on the identification of asymptomatic individuals with increased risk of AD. Efforts are underway to discover such biomarkers. 12 Dyslipidemia and APOE-ε4 are considered among the potential predictors of AD.
The lipid profile was also examined and linked to APOE genotype. The distribution of the APOE allele in Jordanians was comparable to that of Levant region populations such as Lebanon )ε2 4.3%, ε3 85.9%, and ε4 9.8%( and the Gaza Strip )ε2 5.1%, ε3 87.5%, and ε4 7.3%(. [13] [14] We did not find similar studies from other Levant countries such as Syria and Iraq. The Levant region shares geographic location, cuisine, and a probable gene pool, which may explain such similarities in APOE genotype. Comparing our results with non-Levant Arab communities, three different studies from Saudi Arabia showed the total absence of the ε2 allele in healthy Saudis. [15] [16] [17] Kuwaiti, Omani, and Iranians showed almost similar APOE genotype and allele distribution as the Jordanian volunteers in this study. [18] [19] [20] In addition, data from populations of the Mediterranean basin such as Turks, 21 Greeks, 22 and Sardinians 23 also showed a similar distribution of APOE alleles to that of Jordanians.
The high APOE ε3/ε4 genotype and the ε4 allele frequency among Jordanians with AD is in agreement with other studies that reported similar observations, [24] [25] but still remain lower than that reported in Caucasians, African Americans, and Japanese. 26 Contrary to our findings, others have shown that the possession of the ε4 allele did not increase the risk of AD. 27 Actually, a debate in the literature focused on whether it is the presence of ε4 or the absence of ε2 and ε3 that places individuals at risk for AD. 28 It is generally accepted that the APOE-ε4 allele accounts for the overall genetic risk for AD; however, other genes may also be involved on the pathogenesis of the disease. 27 Dyslipidemia is neither specific nor sensitive in predicting the development of AD. Up to date, there is no definite link between high serum cholesterol level and AD; data are not consistent. Nevertheless, few studies have shown that hypercholesterolemia is considered as a risk factor for developing AD, and this risk may be significantly reduced with the use of statins or other lipid-lowering agents. 29 In addition, Sabbagh et al 30 reported an increase in TC and LDL-C in AD patients, but the cholesterol levels were not linked to the degree of cognitive impairment among those patients. An association between AD pathology and lipid profile has been reported, and this differs in patients with different levels of neurotic plaques in their brain. 31 On the other hand, Reitz et al 32 concluded that lipid levels and the use of lipid-lowering agents do not seem to be associated with the risk of AD. In addition, Mielke et al 33 showed that high cholesterol in late life was even associated with decreased dementia risk. Numerous studies showed a link between the APOE-ε4 allele and dyslipidemia. [34] [35] [36] [37] Mendez et al 38 reported an inverse correlation between plasma triglyceride levels and the number of ε4. Similar to our results, Isbir et al 37 also observed high total serum cholesterol in ε4 carriers and low TC in ε2 carriers among AD patients. However, none of these differences were statistically significant )p>0.05(. Others have shown that hypercholesterolemic ε4 non-carriers, but not ε4 carriers, are at high risk of developing AD. 39 Romas et al 40 showed that the link between dyslipidemia and AD was independent of APOE genotype.
Besides the ε4 and lipid profile, AD may be influenced by other factors, such as atherosclerosis, metals such as copper and aluminum, and other unidentified environmental factors. 8 Despite its useful findings, this study had a number of limitations. Regarding the distribution of gene polymorphism, this study included a small sample size, especially when only individuals ≥65 years old were selected to participate. The control group was not gender-matched, which could explain the lack of significant data in the subgroup analysis. Thus, future research should use a larger and more representative sample of the general population.
In conclusion, The APOE allele frequency distribution in Jordanians found in this study was similar to the APOE allele frequency distribution in most Arab populations. Our results demonstrated an increased frequency of the APOE-ε4 allele in AD patients versus controls. There was no significant difference in the frequency of the ε2 allele between AD patients and controls. These results support the previous assumption that APOE-ε4 can be considered, at least partly, as a predisposing risk factor for AD susceptibility, and APOE-ε2 may not play a protective role in the development of AD in Jordanians. Lipid profile did not differ between the AD patients and controls. Future studies should involve a larger sample and proper gender matching.
